Spatial vectorcardiograms were recorded from 18 subjects with normal electrocardiograms and from 14 subjects with electrocardiograms indicative of right ventricular hypertrophy. In the latter group there was a significant incidence of deviation of the initial portion of the QRS loop from the normal direction of inscription, suggesting that activation of the interventricular septum often proceeds in an abnormal manner in right ventricular hypertrophy. A statistically significant difference in the direction of rotation of the entire QRS loop in the transverse and sagittal planes was noted in the two groups. The relationship between the direction of inscription of the QRS loop in the transverse plane and the timing of the intrinsicoid deflections of precordial leads is discussed.
Spatial vectorcardiograms were recorded from 18 subjects with normal electrocardiograms and from 14 subjects with electrocardiograms indicative of right ventricular hypertrophy. In the latter group there was a significant incidence of deviation of the initial portion of the QRS loop from the normal direction of inscription, suggesting that activation of the interventricular septum often proceeds in an abnormal manner in right ventricular hypertrophy. A statistically significant difference in the direction of rotation of the entire QRS loop in the transverse and sagittal planes was noted in the two groups. The relationship between the direction of inscription of the QRS loop in the transverse plane and the timing of the intrinsicoid deflections of precordial leads is discussed.
IN an earlier paper it was demonstrated that the normal rS* pattern in the electrocardiogram of the right ventricular cavity is sometimes replaced by a QS pattern in right ventricular hypertrophy.' This condition was shown to obtain in five of seven cases of right ventricular hypertrophy who had a qR pattern in electrocardiographic V leads fromlithe right precordium.1' 2 It was believed that further information concerning this problem might be obtained from a study of the spatial QRS loop by means of the vectorcardiograph, paying special attention to the initial portion of the QRS loop. MATERIAL Eighteen convalescent patients with normal scalar electrocardiograms were studied from the medical wards of the Cincinnati General Hospital. These are listed in table 1. Fourteen patients with right ventricular hypertrophy were studied from the medical wards and the Out-Patient Department of the Cincinnati General Hospital. These subjects and their diagnoses are given in table 2. The criteria of selection of the latter were: (1) In six of the seven remaining subjects cardiac x-ray films showed dilated pulmonary arteries. The remaining subject had no x-ray study or catheterization. One subject (A. H.) had a qR pattern in a right precordial V lead associated with a QRS of 0.12 second duration; however his x-ray film indicated definite right ventricular hypertrophy.
METHOD
The spatial vectorcardiogram was inscribed in its frontal, sagittal, and transverse projections, using the method of Grishman.3 Three mutually perpendicular leads radiating from a common electrode located at the level of the second lumbar vertebra in the right posterior axillary line are arranged in the form of a rectilinear parallelepiped with approximately equal sides (cube). The frontal projection was viewed from the front of the erect subject, with the right posterior axillary electrode positive for the vertical component and the left posterior axillary electrode positive for the horizontal component. The sagittal projection was viewed from the erect subject's right side, with the right posterior axillary electrode positive for the vertical component and the right anterior axillary electrode positive for the horizontal component. The transverse projection was viewed as if looking from above toward the head of the prone subject, with the right anterior axillary electrode positive for the vertical Circulation, Volume VII, April, 1953 RESULTS These are given in tables 1 and 2 and in figures 1 through 5.
In the normal subjects (table 1) figure 5 (R. M.) . The difference from the normal group in rotation in the transverse plane is significant (X2 = 21.53; p <0.001).
Eight of the 14 cases of right ventricular hypertrophy had counterclockwise rotation of the QRS loop in the sagittal plane, contrasted with none of 18 in the normal group. The difference is significant statistically (X2 = 10.08; p = <0.01). Counterclockwise rotation of the sagittal loop in right ventricular hypertrophy is illustrated in figure 3 .
Eleven of 13 cases of right ventricular hypertrophy demonstrated clockwise rotation of the QRS loop as seen in the frontal plane, contrasted with 7 of 14 in the normal group. The difference is of borderline significance statistically (p = 0.05). * from the right precordium have been discussed previously.' The finding of initial direction of the spatial QRS loop to the right and anteriorly in the majority of normal persons is consistent with the theory that the left side of the interventricular septum is usually activated earlier or more completely than the right. This initial direction of the QRS loop is to be expected from the anatomic position of the interventricular septum. Our previous study' suggested that the interventricular septum was not activated from left to right. in The finding of an initial direction of the QRS loop to the left or posteriorly in 8 of 14 cases of right ventricular hypertrophy as contrasted with 3 of 18 of the normal group indicated a difference of significance (X2 = 7.619; p <0.01). % Initial QRS loop activation contrary to the expected normal direction in right ventricular hypertrophy is illustrated in figures 3, 4 and 5.
DiscussIoN-
The various theories as to the origin of the Q wave in V-lead electrocardiograms recorded * Determined from the direct plrobal)ility formula4. the usual fashion in some cases of right ventricular hypertrophy, thus accounting for the Q wave over the right precordium. If one accepts the concept that the earliest portion of the spatial QRS loop results from activation of the interventricular septum, then the present study would tend to support our previous findings. The abnormal initial direction of the spatial QRS loop in 8 of 14 cases of right ventricular hypertrophy suggests that septal activation is partly or completely reversed in a lnumber of these cases, possibly due to hypertrophy of the right side of the septum. Reversed initial QRS spatial loops were found in seven of eight patients having initial Q waves in right precordial V leads (table 2), suggesting that the initial Q wave is of value in detecting this situation.
Grishman3 found abnormal initial direction of the QRS spatial loops in two cases of right ventricular hypertrophy, but considered this an unusual observation. The finding of abnormal direction of the initial portion of the QRS loop in 3 of 18 subjects with normal electrocardiograms suggests that septal activation does not proceed from left to right invariably in the normal heart. Levine's failure to find initial small R waves with multiple exploratory right ventricular cavity leads in 3 of 27 normal subjects tends to support this explanation. 5 The highly significant difference in the direction of inscription of the transverse plane QRS loops in the normal subjects and those with right ventricular hypertrophy coincides with the findings of Grishman and associates. 3 In the normal group the posterior limb of the transverse plane QRS loop was invariably convex posteriorly. In two of our three cases of right ventricular hypertrophy exhibiting counterclockwise rotation, the loop was narrow and the posterior limb was concave posteriorly ( fig. 5 ). Whether or not such a configuration has a significance analogous to clockwise rotation in this plane will require further study. In the remaining case of counterclockwise rotation, the orientation of the transverse plane QRS loop was bizarre.
Analysis of the transverse plane loop indicates that inscription in a clockwise or counterclockwise direction respectively depends essentially upon whether the potential difference recorded by the sagittal lead is developing positivity or negativity at the time of, or immediately after, the development of the peak of positivity of the potential difference recorded by the horizontal lead. In right ventricular hypertrophy analysis of simultaneously recorded leads over the left precordium (V5 or V6) and leads over the right precordium demonstrating prominent R waves (V4R, V3R, or V1), indicates that the same relationships obtain, the right precordial leads recording initial or increasing positivity at the instant the peak of positivity is attained over the left precordium. It would seem, therefore, that the-direction of inscription of the transverse plane vectorcardiographic QRS loop yields information of the type obtained by a study of the time of onset of the so-called intrinsicoid deflections in right and left precordial leads. The latter measurements, however, are difficult and unreliable unless the leads are recorded simultaneously for direct timing of the R peaks, since the onset of QRS is invariably asynchronous in different leads.
SUMMARY AND CONCLUSION
Study of the spatial QRS loop in 18 normal subjects and in 14 cases of right ventricular hypertrophy indicated the following:
1. The initial portion of the spatial QRS loop was inscribed posteriorly or to the left significantly more often in the group with right ventricular hypertrophy. This suggests that activation of the interventricular septum often proceeds in an abnormal manner in right ventricular hypertrophy.
2. The QRS loop was inscribed in a clockwise direction in the transverse plane significantly more often in the subjects with right ventricular hypertrophy. 3 . The QRS loop was inscribed significantly more often in a counterclockwise direction in the sagittal plane in the group demonstrating right ventricular hypertrophy. 4 . The QRS loop was inscribed in a clockwise direction in the frontal plane more often in the group with right ventricular hypertrophy than in the normal group. The difference is of borderline statistical significance.
SUMARIO EsPAROL
Vectorcardiogramas espaciales fueron registrados en 18 sujetos con electrocardiogramas normales y en 14 sujetos con electrocardiogramas indicativos de hipertrofia ventricular derecha. En el u(ltimo grupo hubo una incidencia significativa de desviaci6n de la porci6n inicial de la defleccion QRS de la direcci6n normalmente observada, sugiriendo que la activaci6n del tabique interventricular a menudo procede de manera anormal en hipertrofia ventricular derecha. Una diferencia estatistica significativa en la direccion de rotaci6n de todo el complej o QRS en los planos transversales y sagitales se observ6 en ambos grupos. La relacion entre la direccion de inscrip-ci6n del complejo QRS en el piano transversal y el tiempo de las deflecciones intrinsecoides de las tomas precordiales se discute.
